SUMMARY A relation between the proximal or distal localisation ofatherosclerotic lesions and 3 anatomical variables (i) the length of the left main coronary artery, (ii) These results show that a short left main coronary artery alone constitutes an anatomical factor which favours proximal localisation of stenoses. This effect is further enhanced by its combination with a wide angle of bifurcation.
angiography. Studies were made on 149 angiograms of which 95 had critical stenoses (>50% of vessel lumen) and the remaining 54 were either normal or contained only minimal disease.
The mean left main coronary artery length was shorter in the patients with coronary artery disease (10.6 mm) than in the normals (12.9 mm). Patients with proximal coronary artery disease (9.1 mm) had a much shorter mean left main coronary artery length than those with distal lesions alone (12.9 mm). This finding implies that a short left main coronary artery favours the proximal localisation of atherosclerotic stenoses by increasing the severity of atherogenesis proximally.
No significant difference was found between the mean angle of bifurcation of the normals (750) and that of the total coronary artery disease group (810). The patients with proximal disease showed a tendency towards a wider bifurcation angle (850) than the distal disease group (760) but this did not reach significance at the 5 per cent level.
When present in combination with a short left main coronary artery, a wide bifurcation angle was associated with a trend towards proximal localisation of stenoses over and above that of a short left main coronary artery alone. Dominant circumflex systems had significantly shorter mean left main coronary artery lengths (9.1 mm) than had dominant right coronary arteries (12-0 mm) . No effect of circumflex dominance on localisation of disease was found.
These results show that a short left main coronary artery alone constitutes an anatomical factor which favours proximal localisation of stenoses. This effect is further enhanced by its combination with a wide angle of bifurcation.
The distribution of atherosclerotic lesions has been shown both in animals (Flaherty et al., 1972) and in man (Mishkin, 1967; Montenegro and Eggen, 1968) Each left coronary artery was divided into 5 segments (see Fig. 1 ). The severity of all atheromatous lesions was assessed and their distribution in these segments noted. A lesion was deemed critical if it reduced the measured luminal diameter In order to assess the influence of the combination of left main coronary artery length and bifurcation angle on the proximal localisation of disease, the angiograms were divided into those with a short left main coronary artery (less than the mean length of 10-6 mm for the coronary artery disease group) and those with a long left main coronary artery (> 10-6 mm). The groups so formed were then subdivided according to the presence of a wide bifurcation angle (greater than the mean angle of 810 for the coronary artery disease group) or a narrow one (<810). The distribution of stenoses in each of the 4 resulting subgroups was noted (see Table 3 ). Statistical analysis
The results were analysed using the test for the significance of the difference between the means of 2 large samples or a X2 test combining 2 x 2 tables when necessary.
Results
Of the 149 angiograms studied, 95 showed critical stenoses of which 56 (59%) were proximal and 39 (41%) were distal. The remaining 54 angiograms were either normal or had non-critical minor disease only. The mean lengths of the left main coronary arteries in relation to the presence and site of coronary artery disease are shown in Table 1 . The mean length in the 95 patients with coronary artery disease was 106 mm which was significantly shorter (P < 005) than that of the normals (12-9 mm). The group with proximal lesions had much shorter (P < 0 005) left main coronary arteries (9-1 mm) than those with distal lesions alone (12-9 mm).
NUMBER OF
PATIENTS
The frequency distribution of left main coronary artery lengths is displayed in Fig. 2 which contrasts the patients with proximal disease with those having distal lesions. This distribution is bimodal. The patients with coronary artery disease predominantly have shorter left main coronary arteries (8 to 10 mm) than the patients with distal coronary artery disease who form a separate group with longer left main coronary arteries (12 to 14 mm). An immediate bifurcation was found radiologically in 8-4 per cent of cases. This contrasts with the pathological study of Penther et al. (1977) in which no case of immediate bifurcation was found.
(b) ANGLE OF BIFURCATION All of the 54 control angiograms and 92 of the 95 critically diseased angiograms had measurable bifurcation angles in the right anterior oblique projection. The mean angles found in relation to the presence and site of coronary artery disease are shown in Table 2 . The difference between the mean bifurcation angle in the normals (750) and the total coronary artery disease group (810) was not significant (P >0 1). However, the mean angle in the patients with proximal disease (850) was wider than that in the group with distal stenoses alone (760) though the difference did not reach significance at the 5 per cent level (005 <P < 0c 1). Table 3 . This shows that the greatest proximal localisation of stenoses (78%) was found when a combination of a short left main coronary artery with a wide bifurcation angle existed, and the tendency toward proximal distribution was slightly greater for this combination than for a short left main coronary artery alone (0 05 < P < 0 1). (Blumenthal, 1967; Stehbens, 1975) , especially changes in arterial wall shear stress which is proportional to flow rate.
Caro et al. (1969) and Caro (1973) implicate regions of low wall shear which they suggest retard the efflux of intramurally synthesised lipid from the arterial wall into the blood stream. Fry (1968 Fry ( , 1973 (Brech and Bellhouse, 1973; Malcolm and Roach, in press) (Fig. 3) . The length of the left main coronary artery and the angle of bifurcation are anatomical variables which alter haemodynamics and hence may affect distribution of atherosclerotic stenoses.
The mean left main coronary artery length has been estimated at angiography and necropsy in a number of reports (see Table 4 ). A previous Fox et al. (1973) angiographic study (Gazetopoulos et al., 1976) based on a relatively small sample (43 patients) found a shorter mean left main coronary artery length in arteries with atheromatous lesions-but made no distinction between those with proximal and distal disease. A more recent anatomical study (Penther et al., 1977) found no such relation. The present study shows that the mean left main coronary artery length is much shorter (91 mm) when proximal disease is present than when distal disease alone exists (12.9 mm). This implies that a short left main coronary artery favours the proximal localisation of atherosclerotic lesions. The relatively poor prognosis of such lesions and their apparent benefit from bypass grafting (Johnson and Kayser, 1973; Takaro et al., 1976 ) make this relation important. Two complementary mechanisms probably underlie this relation. Firstly, by Poiseuille's equation, the length of a rigid pipe through which a Newtonian fluid flows is directly proportional to the pressure drop in the pipe and inversely related to the volume flow along it. Consequently, the shorter the pipe the smaller the pressure drop and the larger the flow. However, the application of this equation to flow in human blood vessels has certain limitations since blood is a non-Newtonian fluid and the vessels are non-rigid (distensible). None the less, within the physiological range in vessels greater than 0 1 cm internal diameter, blood behaves to a large extent in a Newtonian fashion (Haynes and Burton, 1959; McDonald, 1974) , and these relations hold good. Thus a short left main coronary artery results in a small pressure drop and a large flow at the bifurcation. The resulting high wall shear favours atherogenesis (Fry, 1968) at the bifurcation and in the proximal segments of the daughter branches (left anterior descending and circumflex). A long left main coronary artery has the opposite effect and causes increased pressure drop, reduced flow, and hence low wall shear at the bifurcation. This may be protective against atheroma formation.
Secondly, Tjotta (1963) , Nordenstrom (1966) , and Gazetopoulos et al. (1976) The importance of the angle of bifurcation in altering haemodynamics and hence atherogenesis has been investigated experimentally (Brech and Bellhouse, 1973; Malcolm and Roach, in press ). These latter workers used a family of glass models with bifurcation angles varying from 450 to 1800.
They confirmed the apex and proximal medial wall of the daughter branches as sites of high flow and high shear and the lateral angles as low flow areas of low shear (Fig. 3) . At these angles separation of fluid streamlines move away from the lateral walls (boundary layer separation) to leave an underlying space. This separated region contains fluid streamlines reflected from daughter branches. Flow velocity and wall shear are low in this region. Further, they showed that the magnitude of boundary layer separation with its associated low shear separated regions was increased by (a) asymmetry or irregularity of the bifurcation, (b) imbalance of the relative flows down the daughter branches (a common situation in nature), and notably by (c) increasing angle of bifurcation. In addition, turbulence and vortex formation in daughter branches were greater in the models with wider bifurcation angles.
Thus by alteration of local shear forces and turbulence in the proximal daughter branches, especially under conditions of flow imbalance, the angle of bifurcation theoretically exerts an important effect on the localisation of stenoses. In the present study, the mean bifurcation angle was wider in the group with proximal disease (850) than in the group with distal disease (760) (0-05 <P <0.1) though this did not reach significance at the 5 per cent level. Similarly, in combination with a short left main coronary artery, a wide angle exerted a small additional influence favouring proximal localisation over and above that of a short left main coronary artery alone (0 05 < P < 0 1). The radiological assessment of the bifurcation angle in the right anterior oblique view did not reflect the true angle since the parent trunk (left main coronary artery) and daughter branches (left anterior descending and circumflex) ran in different planes and the directions often overlapped. These factors reduce the possibility of obtaining a significant association.
The mean left main coronary artery length (9 1 mm) was significantly shorter (P < 0 05) in the group with dominant circumflex arteries than in the right coronary artery group (12-0 mm). This angiographic finding is in close agreement with that of Kronzon et al. (1974) but contrary to the result of the pathological study of Penther et al. (1977) .
Despite the finding of shorter mean left main coronary artery length, dominant circumflex systems were not associated with a higher prevalence of proximal disease in this study. The explanation for this may lie in the small sample size (15 patients with coronary artery disease and a dominant circumflex artery). Alternatively, an effect of this configuration negating the influence of a short left main coronary artery and hence protecting against proximal distribution of disease could be postulated. This, however, would be contrary to the angiographic findings of Gensini and Buonanino (1968) that lesions in the circumflex artery were more frequent and severe when it was dominant.
Thus coronary artery anatomy may play an important role in the pathogenesis and localisation of demonstrated lesions. In addition, the rate of progression of proximal disease may be strongly influenced by anatomical characteristics of the coronary arteries. Angiographic definition of this anatomy may prove predictive of an enhanced rate of proximal progression of lesions by showing a configuration favouring further proximal disease. 
